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A Translation of Substantially the Whole of 
Japanese Patent Application Published No. S59-50042 
(Published on December 6, 1984) 

5 [TITLE of the Invention] 

Optical Apparatus 

[Claims] 

What is claimed is: 

10 1. An optical apparatus for obtaining a relatively large image of an object 

with a relatively short distance between the apparatus and an image plane, 
comprising: 

a lens device, disposed between the object and the image plane and having 
on a surface thereof an array of microlenses arranged in a predetermined formation, 
15 for forming a plurality of images; 

a sampling device, disposed between the plurality of microlenses and the 
image plane, for forming a plurality of separate light transmission paths; and 

an image plane device for holding an image recording device on the image 

plane, 
20 wherein 

the microlenses each have a size substantially larger than a minimum size 
resolvable by a naked human eye; 

the light transmission paths individually transmit to the image plane 
different portions of light forming the plurality of images so that the light 
25 transmission paths are combined together so as to form a complete image on the 
image plane; and 

the image plane device is so arranged as to hold the image-recording device 
at a sufficient distance from the sampling device to permit the individual light 
transmission paths can cover approximately the areas of the individual microlenses. 

30 

2. An optical apparatus as claimed in claim 1, 

wherein the surface microlens array has a flat array of same microlenses of a 
substantially identical size, and the image plane device holds the image-recording 

1 



device parallel to the flat array of microlenses. 

3. An optical apparatus as claimed in claim 1, 

wherein the sampling device has a pinhole mask having pinholes so formed 
5 that portions of the light traveling from the microlenses and conveying different 
parts of the images are passed through the mask at separate spots. 

4. An optical apparatus as claimed in claim 3, 

wherein the lens device is composed of a flat array of microlenses of a 
10 substantially identical size, the pinhole mask is flat as a whole and is arranged 
parallel to the flat microlens array, the image plane device holds the image- 
recording device parallel to the flat microlens array, the pinhole array has a period 
substantially greater than that of the microlens array, and the light from the 
individual microlenses conveying the different parts of the image is passed through 
15 the mask. 

5. An optical apparatus as claimed in claim 4, 

wherein the microlenses have a substantially identical focal length, and the 
pinhole mask is placed a distance substantially equal to their focal length from the 
20 microlens array. 

6. An optical apparatus as claimed in claim 5, 

wherein the image plane device holds the image-recording device a distance 
substantially equal to the above-mentioned focal length from the pinhole mask. 

25 

7. An optical apparatus as claimed in claim 1, 

wherein the microlens array has an identical period in one direction and in 
another direction perpendicular thereto. 

30 8. An optical apparatus as claimed in claim 7, 

wherein the period is around 0.2mm. 
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9. An optical apparatus as claimed in claim 1, further comprising: 

a shutter device for selectively permitting or preventing the light 
transmission paths reaching the image-recording device held by the image plane 
device. 

5 

10. An optical apparatus as claimed in claim 1, 

wherein the image plane device holds a photographic photosensitive 
substance on the image plane. 

10 11. An optical apparatus as claimed in claim 4, 

wherein a ratio of a width of each pinhole to a width of each microlens is 
equal to a ratio of the width of each microlens to a width of the entire microlens 
array. 

15 12. An optical apparatus as claimed in claim 1, 

wherein the surface microlens array is composed of a single row of 
microlenses, and the sampling device is composed of a pinhole mask having a 
single row of pinholes arranged parallel to the single row of microlenses, a 
transferring device for moving the pinhole array and the microlens array in a lateral 

20 direction relative to the axis thereof with respect to the image-recording device held 
by the image plane device, and a screen device for preventing light from reaching 
the image-recording device held by the image plane except when the light passes 
through the microlenses. 

25 13. An optical apparatus as claimed in claim 12, 

wherein the period of the pinholes in the pinhole array is sufficiently larger 
than the period of the microlenses of the microlens array to permit the light 
traveling from the microlenses and conveying different parts of the images to be 
transmitted to the mask, the transferring device is composed of a microlens 
30 transferring device that moves the microlens array at a first speed and a pinhole 
transferring device that moves the pinhole array at a second speed that is slightly 
faster than the first speed and that has a substantially identical ratio thereto with 

3 
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the ratio of the period of the pinhole array to the period of the microlens array, and 
the motion of the microlens array and the pinhole array relative to the image- 
recording device held by the image plane device forms a scanned image on the 
image-recording device. 

5 

[Detailed Description of the Invention] 

The present invention relates to an optical apparatus, more particularly to an 
optical image-forming apparatus for forming an image on an image plane, and to a 
photographic apparatus employing such an optical apparatus. 

10 A main object in designing a simple optical apparatus such as a 

photographic apparatus is to minimize the distance necessary between an objective 
lens and a focal plane on which an image is formed and simultaneously maximize 
the size of the image formed on the focal plane. As attempts to achieve this object, 
various types of single and compound lenses have been designed; however, these 

15 have disadvantages of being relatively expensive and causing serious distortion in 
the images they form. USP 3,704,277 discloses an example of a conventional 
compound lens. 

A well-known means for forming an array of minute images is microlens 
arrays. However, no proposal has ever been made to use a microlens array to 
20 achieve the above object, i.e. to maximize the size of the obtained image and 
minimize the distance between the lens and the image plane. This is because 
what a microlens array forms is not one large image but a large number of minute 
images. 

According to the present invention, the optical apparatus for obtaining a 
25 relatively large image of an object with a relatively short distance between the 
apparatus and an image plane is provided with: a lens device, disposed between 
the object and the image plane and having on a surface thereof an array of 
microlenses arranged in a predetermined formation, for forming a plurality of 
images; a sampling device, disposed between the plurality of microlenses and the 
30 image plane, for forming a plurality of separate light transmission paths; and an 
image plane device for holding an image recording device on the image plane, 
wherein the microlenses each have a size substantially larger than a minimum 



-size resolvable by a naked human eye; the light transmission paths individually 
transmit to the image plane different portions of light forming the plurality of 
images so that the light transmission paths are combined together so as to form a 
complete image on the image plane; and the image plane device is so arranged as 
5 to hold the image-recording device at a sufficient distance from the sampling 
device to permit the individual light transmission paths can cover approximately 
the areas of the individual microlens. 

According to an example of the present invention, a large number of 
microlenses each having a relatively short focal length are arranged between the 
10 object and the image plane, preferably with a predetermined period (at regular 
intervals) on a flat surface. Each microlens forms a minute image. The 
individual light transmission paths of the sampling device transmit different parts 
of the corresponding minute images to the image plane. It is desirable that the 
sampling device be composed of a mask having thereon a pinhole array of which 
15 the period is slightly different from the arrangement of the microlens array. When 
the action of all the individual pinholes is combined together, a large image is 
formed on the image plane. 

According to another example of the present invention, the microlenses may 
be arranged on an uneven surface and in a non-periodical and random arrangement. 
20 In this case, the sampling device is so designed that its distribution and action 
make it possible to form on the image plane a combined image similar to that 
obtained in the preferable example of the present invention described just above. 

According to another example of the present invention, it is possible to 
obtain a photographic apparatus including a microlens array and a sampling device 
25 as described above, a photosensitive photographic film disposed on the image 
plane, and a shutter disposed between the sampling device and the image plane. 
This photographic apparatus suffers little from uneven brightness. 

Distortion control can be achieved by providing the photographic apparatus 
with a mechanism for changing the periodicity of the microlenses forming the 
30 microlens array or the periodicity of the pinholes forming the pinhole array of the 
sampling device. In a photographic apparatus for document copying use, adding 
slight distortion like this is effective in correcting distortion caused by the copier or 
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distortion present in the original document to be copied. 

According to another example of the present invention, it is possible to 
obtain a photographic apparatus for scanning use in which a one-dimensional 
microlens array and a one-dimensional pinhole array are arranged parallel and 
5 move at slightly different speeds in the lateral direction relative to their axes so as 
to form a combined image on the photographic film. 

According to one variation of this photographic apparatus for scanning use, a 
one-dimensional microlens array and a one-dimensional pinhole array are kept in 
fixed positions and instead the photographic film and the object move. Then, the 
10 images obtained show the temporal changes in position of the object. 

The present invention will be more fully understood and evaluated in light 
of the following detailed description when read with reference to the 
accompanying drawings. 

Fig. 1 shows a microlens array 10 that has a large number of microlenses 
15 arranged with a period of P 1 in the X direction and with a period of P 2 in the Y 
direction and that is disposed on the XY plane so as to face an object 11. It is 
preferable that P, and P 2 be equal, and at the same time that the distance between 
every two adjacent microlenses be about 0.2mm so as to slightly below the 
resolution limit of the human eye. Here, P 1 and P 2 are assumed to be equal, and 
20 hereinafter they are represented as P a . 

The microlens array shown in Fig. 1 is only a typical one among various 
types of microlens arrays normally used in the examples of the invention. For 
example, it is also possible to use instead a flat microlens array having different 
periods P, and P 2 along the mutually perpendicular X- and Y-axes, or a microlens 
25 array having microlenses arranged in a known random but periodical distribution 
pattern. The microlens array does not necessarily have to be arranged on a flat 
surface but may be arranged on any known surface. The size and periods of the 
microlenses may vary to suit applications. 

The microlens array 10 is typically made of plastic and has a surface thereof 
30 formed into a large number of separate convex microlenses. The precise shape of 
the individual microlenses may vary in accordance with the design and the 
production standards. The array may be of any shape, e.g. rectangular, hexagonal, 



or triangular. 

A mask 12 having a pinhole array is usually arranged parallel to the 
microlens array 10 so as to receive light behind it. If the distance between the 
microlens array 10 and the mask 12 is S v then its relationship with the focal length 
5 f of each microlens is expressed as 



s 

where 

S represents the distance between the object 11 and the microlens array 10. 
10 Usually, S is much larger than f, and therefore it is possible to regard f as a value 

approximate to S v Thus, setting the focal length of each microlens f to be 1cm 

means setting to be 1cm. 

It is preferable that on the mask 12, the pinholes 14 be arranged with a 

period of P 3 along the Y-axis and with a period of P 4 along the X-axis, and that P 3 
15 and P 4 be equal to each other and slightly different from the periods of the 

microlenses of the microlens array 10. Whenever P 3 and P 4 are equal, they are 

expressed as P h . When P a equals 0.2mm, P b is set to be 0.22mm, for example. 

According to other typical examples of the invention, a microlens array has 

microlenses arranged on a flat surface with different periods along the X- and Y- 
20 axes or has microlenses arranged in a known random distribution pattern. In 

these cases, the relationship between the centers of the individual microlenses of 

the microlens array 10 and the positions of the corresponding pinholes on the mask 

12 is given by 

25 X',= X, (1 + e x ) 

Y'^Y^l+eJ 



where 

30 X' j represents the position of the i-th pinhole in the X-axis direction; 

7 



Y' i represents the position of the i-th pinhole in the Y-axis direction; 
X i represents the X-coordinate of the center of the i-th microlens in the X- 
axis direction; 

Y j represents the Y-coordinate of the center of the i-th microlens in the Y- 
5 axis direction; and 

e x and e y represent constants or smooth functions whose values vary within 
a range of 25%. 

Here, e x and e y are so determined that their absolute values are small 
fractions. The individual microlenses on the microlens array 10 form separate 

10 minute images 16 on the flat surface provided by the mask 12. Each of the 
pinholes extracts and transmits one point of the corresponding one of those images. 
The rest of the light forming those images is blocked. Because the period P b of the 
pinhole array on the mask 12 is slightly different from the period P a of the 
microlens array, the individual pinholes transmit different points of the 

15 corresponding minute images. All the transmitted points are combined together to 
form a relatively large image 18 on the image plane 20. 

A combination of a microlens array and a pinhole mask is known to have an 
effective focal length given by 



Pb-Pa 

20 where 

P a represents the period of the microlens array; and 
P t> represents the period of the pinhole array. 

According to another example of the invention, the mask 12 may include, 
instead of a pinhole array, any device which offers an array of separate light 
25 transmission paths. 

According to another example of the invention, optical apparatuses as 
described above permit not only visible light but also other types of radiation to 
form images. 

Fig. 2 shows a photographic apparatus employing a microlens array 30 so 
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arranged as to receive light from an object. A pinhole mask 32 is usually arranged 
parallel to the microlens array 30 and at a distance Sj therefrom. A photographic 
film 34 disposed on the image plane behind the mask 32 may be of any type and 
arranged in any manner. A shutter mechanism 36 is operated so that light 
5 selectively reaches the photographic film 34, and is composed of a drive device 38 
and a pinhole mask 40 disposed between the mask 32 and the photographic film 34. 
It is preferable that the mask 40 be so designed as to have pinholes distributed with 
the same period as that of the pinholes disposed on the mask 32. To obtain 
smooth images, the photographic film 34 is located a sufficient distance away from 

10 the mask 40 to permit the light transmitted through the pinholes to be diffused. It 
is preferable that S 2 be set to be substantially equal to S v The mask 40 is arranged 
with a slight shift from the phase of the mask 32 so that the light having passed 
through the mask 32 does not reach the mask 40 when the shutter 36 is in its 
closed position. When the shutter 36 is opened, the mask 40 slightly moves so 

15 that the pinholes of the mask 40 coincide with the pinholes of the mask 32. This 
permits the optical paths to reach the photographic film 34. 

According to another example of the invention, by slightly adding distortion 
to the period of the microlenses forming the microlens array 30, especially by doing 
so along the circumferential edge of the microlens array, it is possible to control 

20 distortion correction for fine photographic copier applications. The specific 
amount of distortion to be added is so determined as to correct other known 
apparent distortion caused by other parts of the optical apparatus or existing in the 
original document to be copied. Similarly, the distortion in the period of the mask 
32 also can be used for distortion correction. 

25 Fig. 3 shows a photographic apparatus composed of microlenses 50 arranged 

in a line and a linear pinhole mask 52 corresponding thereto. It is preferable that 
the period P x of the microlens array 50 be 0.2mm and the pinhole mask array 52 
have pinholes arranged with a period P v of 0.22mm. 

A drive mechanism 54 is provided so as to move the microlens array 50 and 

30 the pinhole mask 52 at a specified speed regardless of the position of the 
photographic film disposed on behind the mask 52. A movable curtain 58 
prevents light from passing through the microlens array and reaching the 



photographic film 56. The photographic film 56 stays still during exposure and 
when the pinhole array moves at a speed V 2 , the microlens array approaches it 
laterally at a speed V r The speeds V t and V 2 are so determined that their ratio is 
equal to the ratio between P x and P y . This permits an image similar to that 
5 obtained by the photographic apparatus of Fig. 2 to be formed on the photographic 
film. 

According to another example of the invention, the pinhole array mask 52 
and the microlens array 50 are kept in fixed positions while the photographic film 
56 and the object to be observed are moving. This type of photographic apparatus 
10 is used for continuous copying or as a camera for monitoring the finish line in a 
horse race. When the photographic apparatus is used for monitoring the finish 
line in a hose race, the horizontal position on images formed on the photographic 
film is a function of individual moments of exposure. 

It is obvious to skilled people that the present invention can be embodied 
15 and practiced in a wide variety of manners within the scope of the invention. 

[Brief Description of the Drawings] 

Fig. 1 is a perspective view of an optical apparatus embodying the invention 
disposed between the object and the image plane. 
20 Fig. 2 is a perspective view of a photographic apparatus employing the 

optical apparatus of Fig. 1. 

Fig. 3 is a perspective view of a scanning photographic apparatus employing 
an embodiment of the invention. 

The reference symbols of the main parts recited in the claims are as follows: 
25 10... Microlenses 

11... Object 

12... Pinhole Mask 

20, 30, 56... Image plane or Photographic Film 
40 . . . Pinhole Array 
30 50 . . . Linearly Arrayed Microlenses 

52... Mask 
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